The aerobic bacteria associated with soft rot in onions (Allium cepa) were isolated and identified as a Vibrio sp., Micrococcus epidermidis, Pseudomonas cepacia, an Acinetobacter sp., a Xanthomonas sp., Bacillus polymyxa, and Bacillus megaterium. With the cup-plate assay method, no pectin hydrolase could be detected from any of these isolates when they were cultured in pectin medium, but lyase and pectinesterases were detectable. Onion tissue cultures showed pectin hydrolase activity for P. cepacia and B. polymyxa and lyase and pectinesterase activities for all of the isolates, usually at higher levels of activity than those of the pectin medium culture filtrates. In both culture media, Vibrio sp. showed the highest lyase and pectinesterase activities. In the viscometric test, all of the isolates achieved at least a 50% decrease in viscosity for lyase enzyme, with M. epidermidis and Vibrio sp. recording viscosity decreases as high as 83%. The ability to cause soft rot in onion bulbs was demonstrated by P. cepacia and Xanthomonas sp. Benzoic acid at a concentration of 0.8 mg/ml caused total suppression of enzyme production, whereas sodium benzoate at this concentration reduced pectinesterase production by 71% and lyase production by 72%. The possible use of these preservatives in the control of soft rot in onions is noted.
The aerobic bacteria associated with soft rot in onions (Allium cepa) were isolated and identified as a Vibrio sp., Micrococcus epidermidis, Pseudomonas cepacia, an Acinetobacter sp., a Xanthomonas sp., Bacillus polymyxa, and Bacillus megaterium. With the cup-plate assay method, no pectin hydrolase could be detected from any of these isolates when they were cultured in pectin medium, but lyase and pectinesterases were detectable. Onion tissue cultures showed pectin hydrolase activity for P. cepacia and B. polymyxa and lyase and pectinesterase activities for all of the isolates, usually at higher levels of activity than those of the pectin medium culture filtrates. In both culture media, Vibrio sp. showed the highest lyase and pectinesterase activities. In the viscometric test, all of the isolates achieved at least a 50% decrease in viscosity for lyase enzyme, with M. epidermidis and Vibrio sp. recording viscosity decreases as high as 83%. The ability to cause soft rot in onion bulbs was demonstrated by P. cepacia and Xanthomonas sp. Benzoic acid at a concentration of 0.8 mg/ml caused total suppression of enzyme production, whereas sodium benzoate at this concentration reduced pectinesterase production by 71% and lyase production by 72%. The possible use of these preservatives in the control of soft rot in onions is noted.
Onions are usually stored under ambient conditions of up to 30°C with varying relative humidity. Under such circumstances, they may undergo microbial spoilage. Prominent among these storage diseases are white rot caused by Sclerotium cepivorum (9) , neck rot caused by Botrytis allii (10) , and bulb end rot caused by Fusarium spp. (1) . Equally significant are softrot diseases of bacterial origin, particularly those associated with Pseudomonas allicola (6, 15) , Pseudomonas marginalis (14) , and Pseudomonas cepacia (8, 17) .
Enzymatic maceration of plant tissues resulting in soft rot is an important factor in plant pathogenesis. Among Pectinesterases. The method used was a slight modification of that described by McComb and McCready (11) . The modification was in the use of cups made in agar as described by hydrolase and lyase in place of filter-paper disks. The agar gel for the assay contained (percent, wt/vol): pectin, 1; thiomersal, 0.01; lonagar no. 2, 1.5; 0.2 M tris(hydroxymethyl)aminomethane-hydrochloride buffer, pH 8.6. To avoid nonenzymatic de-esterification of the substrate, the crude enzyme preparation was adjusted to pH 7 with 0.1 M NaOH. The cups were then inoculated, incubated, and developed as described for hydrolases and lyases.
Viscometric assay of hydrolase and lyase activities. Enzyme activity based on change in the viscosity of reaction mixtures at 30°C was determined in an Ostwald viscometer with a water flow time of 9 s. The composition of the reaction mixture for assay of hydrolases activity was: pectin, 0.3% (wt/vol); NaCl, 0.1 M; 0.025 M sodium acetate buffer, pH 5.2 (14) . For lyase activity, the reaction mixture was made up of: pectin, 0.25% (wt/vol); CaCl2*2H20, 0.25 mM; 0.05 M tris(hydroxymethyl)aminomethane-hydrochloride buffer, pH 8.6 (13) . The assay mixtures for both hydrolase and lyase activities were prepared by mixing 16.5 ml of the substrate solution with 1.5 ml of the enzyme solution. The substrate control contained 16.5 ml of the substrate solution and 1.5 ml of distilled water. The water control contained only distilled water. The tubes were incubated at 30°C, and viscometric determinations were made at regular time intervals for 120 min, starting with the tubes containing the enzyme preparations. Enzyme activity is expressed as the percentage of decrease in viscosity and was cal- Effect of benzoic acid and sodium benzoate on enzyme production in Vibrio sp. To select the working concentrations of these preservatives, it was necessary to determine their minimal inhibitory concentrations. These were found to be 1.0 mg/ml for benzoic acid and 3.0 mg/ml for sodium benzoate. Since the tolerance level of benzoic acid and sodium benzoate in foods is 1.50 mg/ml, only concentrations below this tolerance level were tested. Sodium benzoate and benzoic acid were separately incorporated at concentrations of 0.1, 0.2, 0.4, 0.6, and 0.8 mg/ml into 15 ml of sterile mineral medium containing bits of onion tissue. Each concentration was inoculated in triplicate with 1 ml of a 4-day-old culture of a Vibrio sp. (PS1). The flasks were incubated at 30°C for 8 days, debris was removed by centrifugation, and the supernatants were assayed for enzyme activity by the cup-plate method.
Phytopathogenicity test. The isolates were tested for ability to cause onion soft rot by inoculating 48-hold Nutrient agar cultures into wells made in healthy onion bulbs. The inoculated onions were kept at room temperature (25 to 28°C) for 3 Pectic enzymes produced in pectin medium. With the cup-plate assay method, no hydrolase activity was detectable from any of the isolates ( Table 1 ). All of the isolates, however, exhibited lyase activity. The highest lyase activity was recorded for a Vibrio sp. (PS1), followed closely by M. epidermidis (PS2). A Xanthomonas sp. (PS5) demonstrated the least activity. For pectinesterase, a Vibrio sp. again showed the highest activity, followed by P. cepacia (PS3). No pectinesterase activity was observed in cultures of Bacillus polymyxa (PS7) or Bacillus megaterium (PS8).
Pectic enzymes produced in onion tissue medium. In contrast with enzyme extracts from a pectin medium which showed no hydrolase activity for any of the tested bacterial isolates (Table 1) , the onion tissue cultures (Table 2) exhibited some hydrolase activity for three isolates, P. cepacia (PS3), P. cepacia (PS6), and Bacillus polymyxa (PS7). For the rest of the isolates, no activity was detectable. All isolates produced both lyase and pectinesterase enzymes; the highest activity was recorded for a Vibrio sp. Generally, the levels of activity were comparatively higher in extracts from onion tissue cultures than in pectin medium cultures.
Viscometric assays of hydrolases and lyases. With the viscometric assay method, some hydrolase activity was detected for all b For hydrolase activity, pectin at pH 5.2 was used; for lyase and pectinesterase activities, pectin at pH 8.6 was used.
isolates (Table 3) . These activities were very low for most of the tested isolates. The highest activity (18%) was recorded for P. cepacia (PS6). For lyase activity ( activity (83%), whereas Bacillus megaterium (PS8) and an Acinetobacter sp. (PS4) recorded the lowest activity (50%). All of the isolates achieved at least a 50% decrease in viscosity at 120 min, indicating a high level of lyase activity in the onion isolates. Effect of benzoic acid and sodium benzoate on enzyme production. In onion tissue medium, a Vibrio sp. (PS1) showed the highest lyase and pectinesterase activities (2.1 and 1.7 cm, respectively). Incorporation of various levels of benzoic acid and sodium benzoate resulted in various degrees of reduction of enzyme production as shown by a decrease in zone diameter (Table 5 ). Benzoic acid at a level of 0.1 mg/ml in the growth medium reduced pectinesterase and lyase activities by 62 and 59%, respectively, whereas at a level of 0.6 mg/ml, the activities were reduced by 90 and 82%, respectively. At 0.8 mg/ml, there was no detectable activity for any of the enzymes. With sodium benzoate, total inhibition of enzyme production could not be achieved at the levels tested. However, significant decrease in the quantities of the two enzymes was recorded. In the presence of 8.0 mg of sodium benzoate per ml in the growth medium, pectinesterase activity was reduced by 71%, whereas lyase activity decreased by 72% (Table 5) . These compounds are known to suppress bacterial growth and to interfere with enzymatic processes. The low levels of pectinesterase and pectin lyase found in culture filtrates from cultures containing these compounds are caused mainly by suppression of bacterial growth.
Phytopathogenicity of isolates. The results of the phytopathogenicity test showed that three isolates, P. cepacia (PS3), P. cepacia (PS6), and a Xanthomonas sp. (PS5), caused extensive soft rot of onion bulbs. The rot caused by the Xanthomonas sp. is shown in Fig. 1 . The other isolates, a Vibrio sp. (PS1), M. epidermidis (PS2), an Acinetobacter sp. (PS4), Bacillus polymyxa (PS7), and Bacillus megaterium (PS8), caused no experimental soft rot. The rots in the original samples from which they were isolated were either caused by other agents or by these same organisms in association. DISCUSSION The involvement of endo-polygalacturonase from P. cepacia in onion maceration has been reported by Ulrich (17) . This study contains part of the limited information on the role of bacterial pectic enzymes in soft rot in onions. In the present study, some hydrolase (polygalacturonase) activity was detectable for P. cepacia (PS6) and Bacillus polymyxa (PS7), although at very low levels.
Production of pectin lyases, particularly the endotype, has been associated with bacteria more than with any other microbial group (3). All of the isolates examined in our study demonstrated considerable pectin lyase activity, thus confirming already existing observations. The high viscometric activity of this enzyme may be an indication that it is the endotype. Ishii (7) has observed the rapid maceration of onion tissue by endo-pectin lyase from Aspergillus japanicus. The high activity level of pectin lyase in all of the isolates suggests at first sight their participation in the same way as in the pectin lyases from Aspergillus japanicus. Our observations, however, show that apparently only the lyases of P. cepacia and the Xanthomonas sp. were important in soft-rot development.
Apart from the pectin lyases, equally high activities were recorded for pectinesterase from all of the isolates. This observation is consistent with the idea of Codner (4) that all pectin-degrading systems may require the participation of pectinesterase, which is believed to be a ratedetermining factor.
The control of microbial soft-rot disease of onions calls for either the total suppression of microbial growth or the inhibition of their activities. A number of fungicides, basamid, benlate, and bromafume (12) and benomyl, thiophenatemethyl, and dichlozoline (9), prevent white rot of onions caused by S. cepivorum. Whether these preparations will arrest bacterial soft rots equally well is unknown. The preservatives used in this investigation, benzoic acid and sodium benzoate, had minimal inhibitory concentrations of 1.0 and 3.0 mg/ml, respectively. The high minimal inhibitory concentration of sodium benzoate makes its application for the preservation of onions at such a level unacceptable, since its tolerance level in foods is 1 mg/ml. Sodium benzoate may, however, be applied at a subminiimal inhibitory concentration level (0.8 mg/ ml) to achieve considerable growth suppression and thus reduce pectin enzyme production by soft-rot bacteria.
Benzoic acid with miniimal inhibitory concentration within the tolerance level may offer itself for use in the suppression of bacterial growth on onions. Even at a concentration below the tolerance level, total absence of pectic enzyme was observed with the tested organism. One of the problems associated with the use of benzoic acid and benzoates in food preservation is their negative effect on flavor at concentrations near and above the tolerance level. It may therefore be prudent to aim at the inhibition of pectic enzymes rather than at that of whole organisms.
